We present a case of an 84-year-old man presenting with painless visible hematuria. Further investigation revealed a primary G3pT1 transitional cell carcinoma confined to a bladder diverticulum. In view of bladder-sparing therapy, he underwent a robot-assisted laparoscopic bladder diverticulectomy with ureteral re-implantation. This report demonstrates a minimally invasive approach offering radical treatment without having to recur to partial or radical cystectomy. We discuss the operative steps, the significance of this case with a review of the literature, and the future potential this may represent for the treatment of tumor-containing bladder diverticula.
Introduction
Bladder diverticula may be congenital or acquired. If acquired, they are most commonly secondary to bladder outlet obstruction, resulting in an increased intravesical pressure, causing a herniation of mucosa through the muscle layer of the bladder. Occasionally, these may contain malignant cells in situ. Surgical treatment is indicated in patients with bladder outlet obstruction, recurrent infections, or if a diverticulum contains calculi or tumors [1] . Bladder diverticula may be surgically resected via open, endoscopic, laparoscopic (extraperitoneal or intraperitoneal) and robotic-assisted techniques. Here we describe a robot-assisted laparoscopic bladder diverticulectomy (RALBD) with associated ureteral re-implantation for a high grade transitional cell carcinoma (TCC).
Case Report
The patient is an 84-year-old man who was referred to our services with a 6-month history of painless visible hematuria. He had undergone a transurethral resection of the prostate 14 years earlier.
Initial routine investigations for hematuria included a CT urogram ( fig. 1 ) revealing a bladder diverticulum containing an area of possible high attenuation, with urine cytology showing no overt atypia. He proceeded to have an MRI pelvis ( fig. 2 ) and rigid cystoscopy confirming the presence of a 6.5-cm diverticulum with narrow neck at the left posterolateral aspect of the bladder approximately 1 cm adjacent to the left ureteric orifice. Histology
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Robotic Diverticulectomy for TCC Bladder 105 indicated a G3pT1 TCC tumor confined to the diverticulum. Treatment options were discussed, including active surveillance, radiotherapy with intravesical bacilli Calmette-Guérin, radical cystectomy with ileal conduit formation, or RALBD. He was very keen on the latter, and proceeded to have a RALBD with re-implantation of left ureter and right inguinal hernia repair.
The patient was admitted the day before surgery, and a single instillation of mitomycin C 40 mg was given intravesically a day prior to the operation. Cystoscopy was performed and a left double-J stent was inserted pre-procedure. With the legs in stirrups, the hip was flexed to 30 degrees and the bed was placed in Trendelenburg position. The robot was docked in between the legs. A 5-port approach was used as per conventional robotic prostatectomy. A flexible cystoscope was used to fill the bladder with saline under vision; to assist with robotic identification and dissection of the diverticulum. The lateral wall of the bladder was dissected off the iliac vessels along with covering fat and nodal tissue. The neck of the diverticulum was identified both internally with cystoscope and externally with robotic arms; the neck was then closed with a staple device as the cystoscope withdrew from the diverticulum.
The diverticulum along with its lateral coverings and surrounding fat was placed in an EndoCatch bag. The staple line at the bladder was then excised and the defect closed with absorbable sutures. A leak test was performed with the cystoscope. As suspected, the neck of the diverticulum was at close proximity to the left ureteric orifice. The left ureter was therefore divided and re-implanted into the dome of the bladder with the help of a psoas hitch. An abdominal drain, urethral catheter and left double-J stent was left in-situ. Total operation time was 5:38 hours, including robotic right inguinal hernia repair.
CT urogram after 2 weeks showed no anastomotic leak and so the catheter was removed. Stent removal at 6 weeks via flexible cystoscopy was complicated by a tight urethral stricture. The patient thus proceeded to have a rigid cystoscopy and urethrotomy. Stent removal was then postponed as reactive changes were observed surrounding the re-implanted urethra, later confirmed histologically to be benign in nature. The stent was eventually removed 6 months post-operation ( fig. 3) .
Written informed consent was obtained from the patient for publication of this Case Report/any accompanying images.
Discussion
Whereas bladder diverticula are relatively common, they may undergo neoplastic changes in only 1-10% of cases, with carcinomas arising in diverticula accounting for 1.5% of all carcinomas arising in the bladder. The exact number however is difficult to establish as many diverticula remain undiagnosed due to their asymptomatic nature. Whilst the majority tends to be TCCs, it seems that the different micro-environment may lead to an increased frequency of less-common bladder cancer subtypes including small cell carcinoma, squamous cell carcinoma, adenocarcinoma, and sarcomatoid carcinoma [2] . Another difficulty is the exact staging of these tumors as they consist of mucosa and serosa alone, and are deficient in muscularis propria. This suggests tumors may progress earlier and more easily than in the rest of the bladder [3] , which must be taken into account in the planning of their eventual resection and surveillance.
Diverticular tumors require thorough investigation to determine best treatment. In our case, a CT urogram, and further MRI helped to determine the exact location and dimension of the diverticulum and its relation to neighboring extravesical structures. Cystoscopy enabled direct visualization and biopsy of the diverticular sac, although Curr Urol 2014;8:104-108
Robotic Diverticulectomy for TCC Bladder 107 this may be limited if the diverticular neck is too narrow. It was also used to assess the relation of the diverticulum to the ureteric orifices, and to exclude further unusual growths in the rest of the bladder. Urine cytology and biopsy histology then contributed in staging the tumor. Caution must be taken however in dismissing a negative cytology result, as the sensitivity of this test may be significantly lessened if the tumor is confined to a diverticulum.
Bladder diverticula have traditionally been resected via open [4] , endoscopic [5] and laparoscopic [6, 7] methods. More recently, robotic surgery has been an alternative option, with benefits in terms of ergonomics, an enhanced 3-D view, greater magnification, and better dexterity and precision when manipulating instruments. Robotic partial cystectomies [8] have been previously described. Since 2006, however, several reports have described RALBD in adult patients (table 1) . RALBD has also been performed in children, but have not been included here due to their different etiology being mostly congenital in nature.
In the majority of cases, the diverticulum is secondary to bladder outlet obstruction. RALBD for malignant diverticular tumors has been described in 2 papers. Tareen et al. [9] in 2008 reported one such case for a high-grade TCC invading the lamina propria. This patient was subsequently found to have carcinoma in situ and so was started on bacilli Calmette-Guérin maintenance therapy. Altunrende et al. [10] in 2011 report 2 further cases. One patient had a high-grade urothelial carcinoma within the diverticulum with 2 further areas of carcinoma in situ in the remaining bladder. The patient underwent a RALBD with bilateral pelvic lymph node dissection and subsequent intravesical immunotherapy. Their other patient had a low-grade non-invasive TCC, and so had a RALBD and simultaneous bipolar transurethral resection of the prostate. In comparison, our patient has not had any recurrence after 1-year follow-up, and so has not required any further treatment beyond active surveillance.
If the diverticulum is in close proximity to the ureteral orifice, it may be necessary to proceed to a concomitant ureteral dissection and re-implantation. This has been described previously [10] [11] [12] but not yet in the setting of a RALBD for a tumor-containing diverticulum. In Myer et al. [12] 2007, a ureteral stent was kept in situ for 6 weeks before being removed post-cystogram confirming no extravasation. Renal and bladder ultrasound was then done at 3, 6 and 12 months. In contrast, Altunrende et al.
[10] 2011 describe a case in which the ureter is terminating directly into the diverticulum, whereby they kept a ureteral stent in place for 3 weeks. Sometimes however ureteral re-implantation may not be necessary -in Altunrende et al. [10] high-grade TCC, they proceeded to a combined intravesical and extravesical technique to obtain a wide margin and ensure preservation of the distal ureter. Thus proximity of the ureter to the diverticulum should not be a deterrent to resection via a robotic-associated technique.
From our experience, RALBD is a promising new surgical treatment for tumor-containing diverticula. Concomitant ureteral re-implantation and pelvic lymph node dissection are feasible if necessary. Nevertheless longer follow-up and a better understanding of the natural disease progression of diverticular tumors are needed to evaluate the risk of potential spread. The benefits of a bladder-sparing resection are clearly evident in this octogenarian.
